A NEW 0LIG0CENE-M10CENE SPECIES OF BURRAMYS( MARSUPIAL! A, 
BURRAMY1DAE) FROM R1VERSLEIGH. NORTHWESTERN QUEENSLAND 

J. BRAMMALL AND M. ARCHER 

Brammu.lL J. Si Archer, M. 1997 06 30: A new Oligoecne-Miocenc species of Bun\tm\s 
(Marsupialia, Burrumyidae) from Riversleigh, northwestern Queensland. Memoirs oj the 
Queensland Museum 41(2): 247-268 Brisbane ISSN 0079-8835 

Bnnwnvs is abundant in the Oligocene-M locene at Riversleigh, north western Queensland 
Burmmys hrulyi sp. nos. is represented by over 150 dentarV and maxillary fragments and 
isolated leeih From 22 sites. Burnvnys appears to be morphologically conservative, wilh only 
minor metrical variation between specimens of B hrulyi from different sites and relatively 
few features distinguishing Miocene. Pliocene and Recent species. Phylogenetic analyses 
suggest that B. hrufti is the plesiomorphic sister-group to all other species of Bur mm) with 
B wit kefir’ Id i sister-group to l he clntle comprising B. in radioing and />. pan ns H 
Bttrnvnvidae, Rurramys brutyi. River sleigh. Oligocene. Mtw'ene. 
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New South Wales 2052. Australia; received 4 

Rurramys was represented only by Pleistocene 
fossils of II parvus from Worn bey an Caves, 
NSW (Broom. 1896) and Pyramids Cave. Victo- 
ria (Wakefield, 1 960) until 1966 when the Moun- 
tain Pygmy-possum, B parvus, was discovered 
alive at Mount Hotham, Victoria (Anon., 1966; 
Warnckc, 1967). Two more fossil species of 
Rurramys have been identified: early Pliocene B. 
friradialus from Hamilton, Victoria (Turnbull cl 
al .. 1987) and B. waUjietdi from late Oligocene 
(Woodburne el al . 19931 Ngama Local Fauna. 
South Australia (Pledge, 1987). Discovers' of 
Miocene Burramys al Riversleigh extends the 
geographic range far north and provides the first 
si /cable Tern ary sample ( 1 50 specimens). A met- 
ric analysis of this sample aims to determine taxa 
present and to assess variation Bit craw vs hrulyi 
sp. nov. is used as the basis Lor an evaluation of 
intragcueric phylogenetics of Bumunv\ 

Dental homology follows Flower (1867) for 
prcmolar numbering and Luckctt (1993) ior pro- 
ntolar/molar boundary and molar number. Tooth 
positions given without super- or subscript num- 
bers refer to both upper and lower teeth: thus M 4 
and NL arc individual teeth but M4 refers to both. 
Molar cusp nomenclature follows Archer ( 1984) 
not Pledge < 1987 ). Pledges paraconid is our pro 
loeonid; his proloconid is not recognised. 

Higher systematic nomenclature follows Aplin 
Si Archer (1987). System nomenclature js hased 
on Archer et al. ( 1989) and Creaser ( 1997 r Ma- 
terial referred to is housed in the Queensland 
Museum, Brisbane (QMF) or Museum of Vieto- 
i in, Melbourne, (NMVP) Measurements in 
millimetres (mm ) are to the nearest U.O I mm using 
a Wild MMS235 Digital Length-Measuring Set 


November 1906. 

attached to a Wild M5A stcrcomicroseope. Molar 
lengths and widths and molar row* lengths were 
measured as the maximum dimensions of the 
enamel-covered crown(s ) with the teeth in occlu- 
sal view, with lengths lukeit along the an- 
teroposterior axis of the tooth and widths 
measured perpendicular to that axis. For F\ in 
dorsal view and P ; in ventral view, maximum 
length was measured parallel to the apical blade 
edge, and anterior, posterior and maximum 
widths were measured perpendicular to the blade 
edge; buccal and lingual heights were measured 
from the base of the enamel at the saddle between 
the roots, to the median apical edge, parallel to 
the posterior edge of the tooth. Statistical analy- 
ses were performed using SYSTAT and Kuleida- 
Graph data analysis and graphics applications. 

METRIC ANALYSIS 

Despite overall uniformity. Riversleigh 
Burramys material shows some variation in rela- 
tive and absolute prcntolar and molar si/es. Met- 
ric analysis of dental features attempted to 
identily patterns which might indicate sexual di 
morphism, specific or subspecific separation or 
differentiation ofpopulations from different sites. 
Univariate and bivariate distributions and princi- 
pal components analysis were employed. 

Cheektooth dimensions (Table 1) lor Recent 
B parvus populations refer to left dentition ex 
eept where the right dentition was more complete. 
Standard error (SE) is used rather than standard 
deviation (SD) heeause it better indicates reliabil- 
ity of the mean estimate. The coefficient of vari- 
ation (CV)= SD divided by mean v 100. 
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TABLE 1. Cheektooth dimensions of Burramys species. Results given as: Mean + Standard Error (No. 
Specimens) Coefficient of Variation (CV%). CV not given where n 2. L = length, AW = anterior width, PW 
= posterior width, MW = maximum width, LH = lingual height, BH = buccal height. 



Riversleigh 

Burramys 

B. wakefieldi 

B. triradiatus 

B. parvus 

Lower teeth 


CV 


CV 


CV 


CV 

p 3 l 

1.81 ±0.01 (38) 

4.00 

1.64 

( 1 ) 

2.58 ±0.05 (4) 

3.68 

2.17 ±0.01 (21) 

1.96 

P 3 AW 

1.03 ±0.01 (38) 

8.21 

0.86 

( 1 ) 

1.04 ±0.01 (4) 

1.85 

0.85 ±0.02 (21) 

10.51 

P 3 pw 

1.22 ± 0.01 (38) 

5.07 

1.22 

( 1 ) 

1.49 ±0.06 (4) 

7.96 

1.32 ± 0.01 (21) 

4.11 

P 3 MW 

1.27 ±0.01 (29) 

5.58 

1.22 

( 1 ) 

1.67 ±0.06 (4) 

6.61 

1.39 ±0.02 (21) 

4.79 

P 3 LH 

1.44 ±0.01 (37) 

5.25 

1.29 

( 1 ) 

2.02 ±0.04 (4) 

3.73 

1.92 ±0.01 (19) 

3.23 

P 3 BH 

1.73 ±0.02 (37) 

5.64 

1.51 

( 1 ) 

2.44 ±0.05 (4) 

3.98 

2.22 ± 0.02 ( 20 ) 

3.05 

Mi L 

1.24 ±0.01 (32) 

3.71 

1.21 

( 1 ) 

- 


1.57 ±0.01 (21) 

2.02 

Mi AW 

0.78 ± 0.01 (32) 

7.89 

0.86 

( 1 ) 

- 


1.00 ± 0.01 ( 21 ) 

4.23 

Mi PW 

0.95 ±0.01 (32) 

5.80 

0.97 

( 1 ) 

- 


1.25 ±0.01 (21) 

3.60 

M 2 L 

1.09 ±0.01 (32) 

3.72 


- 

1.55 (1) 


1.57 ±0.01 (21) 

1.97 

m 2 aw 

0.88 ±0.01 (34) 

5.55 


- 

1.23 (1) 


1.21 ± 0.01 ( 21 ) 

2.03 

m 2 pw 

0.96 ±0.01 (34) 

5.67 


- 

1.32 (1) 


1.32 ±0.01 (21) 

1.90 

m 3 l 

0.93 ±0.02(10) 

6.48 


- 

1.32 ±0.04 (2) 

4.29 

1.23 ±0.01 (19) 

1.84 

M 3 AW 

0.84 ±0.01 (10) 

4.46 


- 

1.13 ± 0.00 (2) 

0.00 

1.06 ±0.01 (19) 

2.25 

m 3 pw 

0.85 ±0.02 (10) 

6.13 


- 

1.17 ±0.01 (2) 

0.61 

1.07 ±0.01 (19) 

2.76 

M 4 L 

0.66 ( 1 ) 



- 

- 


0.68 ±0.01 (14) 

5.88 

m 4 aw 

0.64 (1) 



- 

- 


0.66 ±0.01 (14) 

6.83 

M 4 PW 

0.50 (1) 



- 

- 


0.52 ±0.01 (14) 

7.82 

Mi _2 

2.30 ±0.02 (27) 

3.37 


- 

- 


3.13 ±0.01 (21) 

1.96 

Ml -3 

3.24 ±0.05 ( 8 ) 

3.91 


- 

- 


4.34 ±0.01 (19) 

1.34 

M 1-4 

3.83 (1) 



- 

- 


4.93 ±0.02 (14) 

1.29 

Upper teeth 









P 3 L 

2.01 ±0.02 (17) 

4.89 


- 

2.59 ±0.02 (2) 

1.09 

2.27 ±0.01 (19) 

2.60 

P 3 AW 

0.93 ±0.01 (17) 

4.32 


- 

0.91 ±0.02 (2) 

2.32 

0.75 ±0.02 (19) 

10.39 

P 3 PW 

1.20 ±0.01 (17) 

4.93 


- 

1.63 ±0.05 (2) 

4.79 

1.13 ±0.01 (19) 

3.82 

P 3 MW 

1.25 ±0.01 (17) 

4.41 


- 

1.63 ±0.05 (2) 

4.79 

1.24 ±0.01 (19) 

2.44 

P 3 LH 

1.58 ±0.02 (17) 

4.67 


- 

2.32 ±0.02 (2) 

1.22 

1.92 ±0.01 (16) 

2.76 

P 3 BH 

1.65 ±0.02 (17) 

4.44 


- 

2.16 ±0.01 (2) 

0.98 

2.06 ±0.02 (18) 

3.08 

M 1 L 

1.12 ±0.02 (14) 

4.86 


- 

- 


1.51 ±0.01 (19) 

1.94 

M 1 AW 

1.16 ±0.02 (14) 

5.25 


- 

- 


1.40 ±0.02 (19) 

7.08 

M 1 PW 

1.17 ±0.01 (14) 

4.14 


- 

- 


1.45 ±0.01 (19) 

4.01 

M 1 MW 

1.39 ±0.01 (14) 

3.90 


- 

- 


1.68 ±0.01 (18) 

2.77 

M 2 L 

0.98 ±0.01 (8) 

3.45 


- 

1.22 (1) 


1.45 ±0.01 (19) 

1.53 

M 2 AW 

1.16 ±0.01 (8) 

2.84 


- 

1.34 (1) 


1.56 ±0.01 (19) 

2.20 

M 2 PW 

0.93 ±0.01 (8) 

2.40 


- 

1.10 (1) 


1.27 ±0.01 (19) 

3.37 

m 3 l 

0.86 ±0.03 (3) 

6.43 


- 

- 


1.09 ±0.02 (18) 

8.17 

M 3 AW 

0.93 ±0.02 (3) 

2.84 


- 

- 


1.19 ±0.03 (18) 10.83 

M 3 PW 

0.72 ±0.03 (3) 

7.86 


- 

- 


0.88 ±0.02 (18) 10.71 

m 4 l 

0.67 ±0.02 (3) 

5.68 


- 

- 


0.77 ±0.01 (13) 

4.86 

M 4 AW 

0.71 ±0.02 (3) 

4.97 


- 

- 


0.74 ±0.02 (13) 

8.81 

M 4 PW 

0.46 ±0.03 (3) 

10.80 


- 

- 


0.51 ±0.01 (13) 

9.49 

M 4 ' 2 

2.11 ±0.03 (8) 

3.40 


- 

- 


296 ±0.01 (19) 

1.85 

M 1 ' 3 

2.98 ±0.08 (3) 

4.55 


- 

- 


4.07 ±0.02 (18) 

1.63 

Ml' 4 

3.55 ±0.03 (3) 

1.33 


- 



4.77 ±0.03 (13) 

1.86 


CV is less than 1 1 throughout and usually less 
than 6 (Table 1 ). Following Simpson et al. ( 1 960), 
this degree of variation indicates an unmixed 
sample, although Gingerich (1974) cautions 
against uncritical application of this absolute CV 
criterion and recommends greater emphasis on 
relative variabilities of different teeth. In approx- 


imately 80% of measurements B. pawns has a 
lower CV than the Riversleigh sample, but the 
interspecific differences in CV are generally not 
great. CVs for B. triradiatus fall within approxi- 
mately the same ranges as those for the 
Riversleigh and Recent specimens, but are de- 
rived from very few specimens and are therefore 
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FIG. I Frequency imiograms for some lower tooth mca.su rcmcms of Riversleigh Bur runty s specimens. All 
measurements inmm. 


not considered reliable. Total variation (as indi- 
cated by CVs) suggests 1 species of Burramys in 
the Riversleigh sample spanninggreater variation 
than the sample of Recent R parvus. 

Where variation between taxa is small (as is 
likely with small-bodied taxa), it may be ob- 
scured by epigenetic morphological variation, by 
tooth wear or by measurement error; metric dif- 
ferences between closelv related taxa arc most 
likely to be delected by examining structures with 
the lowest levels of such variation, Mi. in the 
centre of the P^ -M 4 tooth row, is in that sense the 
most functionally integrated of these teeth; it may 
therefore he expected to be least variahlc 
(Gingerich, 1974). Similarly, total molar row 
lengths may be more tightly coni rolled than the 
lengths of individual molars. Mi dimensions and 
molarrow measurements (including partial molar 
row measurements such as Mm length) are gen- 
erally the least variahlc measurements in B. 
parvus and the Riversleigh sample; P3 length is 
also relatively constant (Table I ) T Thus analysis 
of the Riversleigh sample was focused on P 3 and 
Mm, although all other measurements were ex- 
amined. 

Frequency histograms for some measurements 
arc bimodal, While others arc either unimodal or 
perhaps incipicnlly bimodal. Mm length (Fig. 


1C), with CV=3.37 is bimodal. M' length (Fig. 
IB; CV*3.72) and P 3 buccal height (Fig. IF; 
CV=5.64) are considered bimodal, though not 
with certainty. Mi length (Fig. I A; CV=3.7h 
may represent a bimodal distribution but could 
equally be a sample from a unimodal. normal 
distribution, P 3 length (Fig. 1 D; CV=4.00) and P 3 
posterior width (Fig, IE; CV=5.07) distributions 
could each be described either as having 2 or 3 
peaks, or as representing single normal distribu- 
tions. Kolmogorov-Smirnov Lilliefors tests indi 
eale that some of the univariate distributions 
differ significantly from normal (Table 2) and 
comparison with Table 1 show's that these include 
several with low variation. Thus univariate fre- 
quency distributions hint that the sample repre- 
sents more than one population, but do not 
provide a basis for subdivision. 

Bivariate plots (Fig. 2) suggest no clear divi- 
sions other than those evident in the univariate 
distributions, such as the apparent bimodulily of 
M 2 lenglh (Fig. IB, 2B). They show that speci- 
mens from Systems B and C have overlapping 
distributions, but that for some measurements, 
specimens from System C sites are, on average, 
smaller than specimens from System B sites. This 
is .so for Mi length and P 3 length (Fig. 2A. 2C, 
2D) and to a lesser extent for Mi length (Fig. 2B), 
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TABLE 2. Column 1, Kolmogorov-Smimov Lilliefors tests for normality. Probability (P) values below 0.05 
indicate a difference from normality significant at the 95% level. Columns 2 and 3, mean values for Systems 
B and C respectively. Column 4, Students t-tests; P indicates a significant difference between Systems B and 
C. Abbreviations as for Table 1 . 



Lilliefors Test (P) 

Mean - System B 

Mean - System C 

T-test (P) 

p 3 l 

0.088 

1.82 

1.79 

0.266 

P 3 AW 

0.175 

1.03 

1.05 

0.474 

P 3 PW 

0.455 

1.22 

1.22 

0.928 

P 3 MW 

0.678 

1.26 

1.29 

0.211 

p 3 lh 

0.215 

1.43 

1.44 

0.923 

p 3 bh 

0.904 

1.72 

1.76 

0.254 

Mi L 

0.002 

1.25 

1.21 

0.071 

Mi AW 

0.193 

0.79 

0.76 

0.268 

Mi PW 

0.072 

0.96 

0.95 

0.625 

M 2 L 

0.009 

1.09 

1.09 

0 903 

m 2 aw 

0.009 

0.87 

0.91 

0.041 

m 2 pw 

0.585 

0.95 

0.98 

0.111 

m 3 l 

0.593 

0.93 

0.98 

0.458 

M 3 AW 

0.177 

0.85 

0.81 

0.394 

M 3 PW 

0.038 

0.85 

0.81 

0.458 

Mi_ 2 

0.054 

2.32 

2.27 

0.226 

m 1-3 

0.001 

3.25 

3.16 

0.529 
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FIG. 3. Specimens of Burramys from various sites at 
Riversleigh plotted on principal component axes ob- 
tained using 1 1 measurements from P 3 and Mi - 2 . 
Eigenvectors recorded in Table 3. X = first principal 
axis, Y = second principal axis, Z (perpendicular to 
page) = third principal axis. Solid line encloses spec- 
imens from System B sites. Dashed line encloses 
specimens from System C sites, including Encore 
Site. Dotted line excludes from System C ‘aberrant’ 
specimen QMF30104, indicated by arrow. 

but appears not to be the case for P3 buccal height 
(Figs 2C). M2 posterior width shows the opposite 
trend (Fig. 2B ), whereby System C specimens are 
on average larger than System B specimens. 
Student’s t-tests show these differences to be 
non-significant at the 95% level (Table 2), but a 
principal components analysis employing dimen- 
sions of P3 and Mi -2 (Fig. 3, Table 3) confirms 


that total variation is explained partly by System 
C specimens being smaller than system B speci- 
mens. Eigenvectors for component 1 are all pos- 
itive (Table 3), indicating that this is a general 
‘size component’; specimens scoring high on the 
first component (i.e. falling further towards the 
positive, or right-hand side of the X-axis in Fig. 
3) are larger than those to the left. Although there 
is considerable overlap between Systems B and 
C, the centre of mass of the System B distribution 
is further to the right than that for System C. 

Specimens from Encore site (younger than Sys- 
tem C, ?early late Miocene) cluster at one ex- 
treme of the System C distribution, with the 
exception of a single large aberrant specimen 
QMF30104 from Gag Site (Fig. 3). In the System 
B-System C continuum (Fig. 3) the cluster of 
Encore Site specimens falls on the ‘older’ (Sys- 
tem B) end of the System C spectrum. 

Despite the apparent trend of mean difference 
between specimens from Systems B and C, spec- 
imens from both Systems are present in each of 
the apparent peaks of the univariate distributions 
(Fig. 1A-F). This suggests that the underlying 
structure of the sample is not simply anagcnetic 
change tracked from the older System B sites to 
younger System C sites, though such may have 
occurred. The bimodality of several of the fre- 
quency histograms may reflect sexual dimor- 
phism and/or 2 roughly contemporaneous taxa. 
This suggestion is also supported by data plotted 
against sites arranged in estimated stratigraphic 
order (Fig. 4A-F.) Although samples from indi- 
vidual sites are inadequate to compare within- 
and between-site variation statistically, variation 
between sites is only a little greater than that 
within Upper site, provenance of the largest sam- 
ple. Caution is therefore necessary when interpre- 
ting apparent between- or across-site trends (such 


TABLE 3. Results of principal components analysis using 11 measurements of P 3 and M 1-2 of Burramys 
specimens from Riversleigh. Abbreviations as lor Table 1. 


Component 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Eigen Value: 

4.971 

2.177 

1.179 

0.803 

0.638 

0.497 

0.336 

0.230 

0.097 

0.049 

0.022 

Percent 

45.194 

19.790 

10.716 

7.299 

5.801 

4.519 

3.056 

2.092 

0.883 

0.447 

0.203 

Cumulative 

percent 

45.194 

64.984 

75.699 

82.998 

88.799 

93.318 

96.374 

98.466 

99.350 

99.797 

100.000 

Eigenvectors: 

MiL 

0.304 

-0.297 

0.076 

0.510 

-0.328 

0.126 

0.172 

-0.398 

0.088 

0.304 

0.376 

Mi AW 

0.323 

-0.178 

-0.285 

0.040 

0.397 

-0.500 

0.507 

-0.020 

-0.033 

0.188 

-0.282 

MiPW 

0.387 

0.005 

-0.265 

-0.199 

0.131 

-0.356 

-0.414 

0.033 

0.006 

-0.188 

0.623 

m 2 l 

0.209 

-0.489 

0.152 

-0.278 

0.293 

0.353 

-0.240 

0.294 

0.277 

0.426 

-0.060 

m 2 aw 

0.203 

0.368 

-0.472 

-0.204 

-0.053 

0.535 

0.381 

0.193 

-0.138 

0.152 

0.213 

m 2 pw 

0.362 

0.150 

-0.390 

0.127 

-0.107 

0.168 

-0.380 

-0.299 

0.338 

-0.150 

-0.518 

Mi_ 2 

0.324 

-0.403 

0.142 

-0.106 

0.051 

0.290 

0.099 

-0.117 

-0.507 

-0.567 

-0.111 

P3L 

0.363 

0.015 

0.179 

0.117 

-0.512 

-0.184 

0.118 

0.666 

0.169 

-0.164 

-0.117 

P3PW 

0.188 

0.344 

0.215 

0.617 

0.510 

0.146 

-0.184 

0.248 

-0.204 

0.018 

0.016 

p 3 lh 

0.322 

0.303 

0.313 

-0.303 

-0.219 

-0.159 

-0.198 

-0.191 

-0.468 

0.461 

-0.187 

p 3 bh 

0.250 

0.332 

0.498 

-0.258 

0.211 

0.056 

0.313 

-0.267 

0.486 

-0.218 

0.112 


P 3 buccal height P 3 posterior width P 3 length M 1-3 length M 2 length Mi length 
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FIG 4. Rivcrsleigh Burramys: size measures against 
sites in stratigraphic sequence ( Archer cl al M 1989). 
Distances on horizontal axis arbitrary. Sites: l=Whitc 
Hunter; 2=Creaser's Ramparts: 3=Outasite; 4=RSO; 


as sue decline over time) as being significant. 
Although site 8 (Fig.4) includes Ten Bags Site, 
Mike’s Potato Patch and Upper Site, most speci- 
mens are from Upper Site and these span the 
range ol* variation at site 8. 

If two morphotypes are present they are both 
represented in Upper Site (Fig,4). Muirhcad 
( 1 994 ) demonstrated size-guilding comparable to 
that in Recent mammal communities among 7 
Upper Site bandicoot species separated on size; 
this is possibly due to competitive displacement 
of taxa that eat size-variable foods such as seeds 
or insects within a single community. Thus. 
Upper Site probably represents a single diverse 
community and the 2 morphotypes of Hurramys 
could be sexual dimorphs or sympatric taxa. We 
reject sympatry because of morphological consis- 
tency of specimens falling near the peaks in the 
Mto length distribution; the size difference be- 
tween those peaks is too small (Roth, 1981) to 
represent 2 species in different niches at the same 
level of u food web. The ratio of the second peak 
to the first (Fig. I A-C) is L 06,. short of the often- 
cited cutoff value of 1.3. (Roth (1981) showed 
that the "constant ratio rule’ is empirically unsub- 
stantiated. but suggested that character displace- 
ment is unlikely to be indicated by ratio values 
lower lhan L3.) 

Challenging the likelihood of either sexual di- 
morphism or sympatry is the fact that some spec- 
imens are in the higher peak of apparently 
bitnodal distributions for some measurements, 
but the lower peak for others; whereas other 
specimens remain in one peak or the other for all 
or most measurements. There appears to be no 
combination of features that can be used to sub- 
divide the sample; this is supported by the multi- 
variate analysis (Fig.. 3) which fails to divide lhe 
sample. A general trend to declining size through 
Systems B and C (Figs 2 f 3,4A,C) is evident, but 
some Encore Site specimens suggest reversal of 
the trend. 


SUMMARY 

Riversleigh Hurramys specimens may repre- 
sent two populations. Patterns of variation also 
suggest a dine of tlereasing size through time: 
however, small sample sizes and uncertainty of 
relative ages limit the reliability of this ob.scrva- 

5= Wayne's Wok; 6=Camcl Sputum. Neville's Garden 
and Duk\s Towers: 7=lnabeyance; S-Ten Bags, 
Mike's Potato Patch and Upper Site; 9=Kungnroo Jaw; 
!0=Gng; lULasi Minute; !2=Main Site; 13= Jim's 
Jaw; 1 4= Wang; 15-Eneorc- 
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lion. If two populations have heen sampled, mag- 
nitude and distribution of variation suggest that 
these are males and females of I species. Extant 
populations of B. / mrvu v are mu dentally dimor- 
phic (Brum mall, unpuh!,), hut their alpine habitat 
is far removed from the Miocene rainforest envi- 
ronment at Ri verslcigh( Archer el al., IW, 1991) 
so it is not possible to infer that Recent and 
Miocene Hutnmys share population structures, 
We recognise a single new species 

SYSTEMATIC PALAEONTOLOGY 

Class Mammalia Linnaeus. I75X 
Supcrccihort Mursupialia llhgei . IX! » 

Oaler Diprotodomia Owen. 1866 
S viper family Burr;tmyuideii Broodi I KMX 
r<imily Burramyidae Bamm. 1X98 

Burramys Broom. IS96 

Burramys brutvi vji. no\ 

( Figs 5-9: Tables 1 ,4) 

ETYMOLOGY For the late Arthur Bruty who. to- 
gether with his daughter Hlumc Clarke, helped collect 
many specimens and discovered Bruty & the Beast Stic 
on the Gag Plateau 

MATERIAL. Holotype QMK30I02 (Fig. S), a lell 
dentary (DEN) with I). P|-3, Ml 2 and alveoli for h 
and M3 4. The tip 0! 1 1 is missing, as are the condylar, 
angular and coronoid processes. Paratypcs QMF30 1 76 
(Fig. 6). R DEN with P2-.'V.M 1-4. broken anterior to 1*2 
and missing (he ascending ramus and condylar, angular 
andcoronoid processes. QMF3009 1 (Fig. 7 ), I maxilla 
with P~ . M 1 ' 4 an<l palate medial to check teeih. Types 
from early In mid Miocene Upper Sue on Godthelp 
Hill. DSitc Plateau. 

Other material: SYSTEM A - White Hunter Site. 
QMF2TU4 RVb; QMF23500. DEN with RP? SYS- 
TEM B - Camel Sputum Sue. QMF20732. DEN with 
RMi i'- QMI 20735 R Dl N QMJ 20736 I M 2 
QMF30090, maxilla wuh LP 21 . M 1 . QMF30I07. 
DUN with LI | , P:-3, M t-2; QMI-301 1 0, Dl IN willi RI u 
P 1 - Mi 2 Inahcyancc Siic: QMF30079. DEN wilh 
1.1*1. M i -V Mike 's Potato Patch Siic. QMI-2075y. 
DI N wilh I.M2; QMF207WL I M 1 ; QMF2076 1 , Pi nr 
P\ Neville’s Garden Siic: QMF207IK. DEN wlthKPi. 
M|;QMF2074X. I .M2; QMF2IW02. DF.N with Rl| . Pi. 
Mi; QMF23349. DI N with LPi. Ml-"**. QMF23T7(>. 
DEN with RPi. Mi. QMF235IL DEN with RPi: 
QMF2426I. maxilla wilh RP 2 QMF300H9, maxilla 
with RP 2 -' 5 . M 1 QMF30092, maxilla with RP- l 
M 1 QMF30I 1 3 DF.N with RPv M|; QMF30II4. 
I P 2 QMF30I32. DEN with LPi, Mi : QMF3027I. 
km'. Oulasile; QMF207ML I Dl N; Q Ml 1U0.S0. 
DEN wilh 1 .1 1 . Pi. M 1 2. RSO Site: QMF3008 I . DEN 


wilh I .Pi, Mkt. QMF30084. DEN with Rl|. Pi. M|. 
QMF3(«W4. maxilla wilh RP 2 ; QMF30I40. LPi 
QMF3GI4I. LP 1 ; QMF30I42. RP\ Ten Bags Site. 
QMF23502. DFN with LPi, M| Lpper SilC 
QMF20774, DF.N with Rip QMF20775. DF.N with 
Lli. Pi, QWF20776, DLN with RP.i. QMF20777, 
DLN wilh RM>; QMF207X5. maxilla wilh R M 1 2 . 
QMF20786, DLN with LM|.i, Pi. QMF207H7. max 
ilia wilh LM r . P 2 ' . QMF2078S. maxilla wilh I.M 1 . 
QMF30O82, DEN wilh l.P.i. M|-2I QMF30083, DF.N 
with RPn, M|- ->;QMF 301 >85, DEN with U |. Pi, Ml 
QMF30086. DEN with Rl|. P: 1. M|.:, QMP30087. 
maxilla wilh IP 2 * 3 ; QMF300XS. maxilla wilh LP-’’; 
QMF3009I. maxilla wuh LP 2 -\ M 1 ' 4 ; QMF30095. 
maxilla with RP\ M 1 ' 2 ; QMF70096. maxilla with 
LP-'; QMF30097. maxilla w ilh RP- 1 ; QMF30CI98. max- 
illa with Ri” M 1 . QMF30009. maxilla with RP 1 
QMF30I0I. maxilla with LP 2 -\ M 1 2 ; QMF3O102. 
DEN with LI 1, l’i-i, Mi-’. QMF301 03, maxilla with 
I.P'. M 1 ; 0 M F301 0 wilh R It Pm 

QMF30III. DEN wilh Lit. P2 1. Mi; QMF3CL 12. 
DFN wilh RI1.P1; QMF30I |7, DF.N wilh RPi. M| >• 
QMF30 1 1 8. DEN with Rl|.Pi. M | ; QMF30 1 1 9. DEN 
with RM2.V. QMF30120. DIIN with 1.1*1 . Ml 2. 
QMF30 121. I7LN with LI 1 , Pi; QMF30 1 22, DFN w i- h 
III P.r. QMF30I23. DEN with I Pi. Mi 2. 
QMF30I24. DEN with RPi. M| V. QMF30I25. DEN 
with RPi, Mi QMF301 27 Dl N w ith I li 
QMF30128. DEN with RP.i; QMF30129, R DEN 
QMF30 1 30. 30131.1 Dl F30133 DEN with 
RPi. Mi -2; QMF30I38. maxilla wilh LP 2 ’ 
QMF30I39, RI’ 2 ; QMF3014f>, 30 MS, 30140. 30152 
LPi; QMF30147, 30150. 30154, 30155, 301 79, 30182 
LI”; QMF3015I, 30153, 30174. 30180, 30IS4 RP' 
QMF30160. LM2: OMF30I 64-301 67, LM 1 ; 
QMF30I6K, 30173 30177 RM 1 ; QMF3M76, DI N 
with RP;.i. M | .4. QMF30ISI. 30183 RPi: 
OMI-3DIK5, 30 1 90 RMi, QMF30I80, RM 2 . 
QMF30 1 87. 1 .1 1 ; QMF 301 88. Rl| , QMF30IS9, R.VD 
Wayne's WMk Sue; QMF20725, maxilla with RP- 
QMF20726. maxilla with RM 1 2 ; QMF20737. maxil- 
lary fragment with RP': QMF2073S, DFN wilh RM| ; 
QMI -'20744. DLN with RM). Pi. QMF20745. Dl-.N 
wilh LM2.1; QMF20740. DEN with RM1-2; QMI 
22S 1 0. maxilla with RP 2 '. M l 4 . QMF30108. DEN 
wall RP2-1, Mi- 3; OMF30I36. DF.N wilh LPi, M| 
Wayne s Wok 2 Sue: QMF30I00. DEN with RI 1. Pi. 
Mi'-,. QMI 30175, i l" SYSTEM n QR C - ru n| 
•Xttcs l Sue: QMF20905, R DEN. Clcl'l of Ages 2A 
Site- QMI-22772. maxilla with RP 1 . M 1 . Cleft ol Asi-n 
4 Site QMF20767 RP- 1 ’ QMF2083 5 RP-’- 
QMF20.S36, RPt: QMF23200. RP 1 SYSTEM ( 
Encore Site; QMF20752, 1 Mi; QM 1-20753 l. Pi 
QMF20754. LM| . QMF20904, DEN with RM | 2. I* 1 
<. QMF23462. DLN wilh KMi-2, Pi, QMF24354. 
DFN wilh LM|-n QMF24424, DLN with LMi; 
QMF24426. DEN wuh LI 1 . Pi. M:; QMF24552. RP 1 ; 
QMF24727. DEN with III Pt, Mt-2 Ciag Silt- 
QMI-30078, DEN with RPi. QMF30093. maxilla vi uh 
1 p 1 QMF 10(04 DEN w ilh LI) Mi • Pi; 
QMF301 34. L DEN QMF3UI35. DF.N with I Pi, Mr 
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FIG, 5. A-C, Burramys brutyi n. sp holotype QMF30102. Left dentary with h P2-3 M1.2 in (A) buccal, (B-B’J 
occlusal stcrcopair and (C) lingual views. D-F, Burramys bruryi paratype QMF3009L Left maxilla wiLh P 2 * 
M ] ' 4 in (D) buccal, (E-E) occlusal stcrcopair and (F) lingual views. Scale = 2mm. 


QMF30137, LP 3 , QMF30156, LM2; QMF30I57, QMF30145, LP 3 apical fragment; QMF30I62, RM 3 ; 

RM 1 ; QMF30I58, RM|; QMF30161, LM 3 ; QMF30163, RM 3 ; QMF30169, DEN with RP3, Mi 
QMF30170, RP 3 , QMF30171, RP3 Hcnk's Hollow Main Site: QMF30109, DEN with RP3. Ringtail Site: 
Site: QMF30172, LP 3 . JinTs Jaw Site: QMF30178, QMF20756, RP 3 ; QMF20757, maxilla with RM 1 * 2 , 

DEN with RP3. Kangaroo Jaw Site: QMF301 15, DEN P 3 . Wang Site: QMF20763, maxilla w ith LP 3 ; 
with RP3, M1-2. Last Minute Site: QMF30105, DEN QMF20766, DEN with RMj, P3; QMF30272, RP3. 
with Rli, M1-3, P2-3; QMF30116, DEN with RP3, AGE UNCERTAIN - Crcascr’s Ramparts Site: 
Mi. 2; QMF30I43, LP 3 ; QMF30144, RP3; QMF2077L LP3. 
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FIG. 6 Bumvnvshnuyi paratype QMF30 1 7G: occlusal 
stervopair of right dentary fragment with P 2-3 and 
Mj. 4 . Seale = 2mm 


DIAGNOSIS. Differs from B triradiatus and ft. 
parvus in being smaller, in having upper and 
lower pktgiaulaeoid P 3 smaller and with fewer 
(5-6) euspules and associated ridges and in hav- 
ing 2 -rooted upper and lower M4. Deniary and 
maxilla more robust than in B . pamis* with 
smaller palatal vacuities, shorter I 2 -P 2 interval 
and less reduced posterior molars. P 3 with larger 
crown and larger posterior root than (hat of B . 
wakefieldi and diverging less from anteroposter- 
ior molar row' axis. P 1.2 double-rooted; single- 
rooted in B ', wakefieldi. Distinguishable from B . 
wakefieldi and B parvus by Mi cusp morphol- 
ogy ; protoconid more lingual in B. wakefieldi 
than B. parvus or B. bntryfi inetaeonid more an- 
terior in B. parvus than B . brutyi or wakefieldi . 

COMPARATIVE DESCRIPTION. The dentary 
ai'B. brutyi is subequal to that of B. wakefieldi in 
si/e and shape. Both are more robust than that of 
B. parvus but slightly less so than that of B. 
triradiatus . The leading edge of the ascending 
ramus of B . bruty'i is considerably more robust 
and rises at a steeper angle from the horizontal 
axis of the dentary than does that of B . parvus, but 
not quite as steeply as that of B . triradiatus The 
I 2 -P 2 interval is shorter in B. brutyi than in B. 
parvus but is not as short, relative to the length of 
the ramus, as that of B. triradiatus , 

Lower dentition. 1 1 is long, slender and procum- 
bent, with the tip curved upwards and slightly 
twisted. It is slightly less procumbent in B. brutvi 
than in B. parvus . The crown of It is basally about 
the same dorsoventral thickness in H, brutvi and 


B. pannts but a little thicker in B triradiatus \ h 
of li brutyi thins abruptly about half way along 
its exposed length, with the anterior half of the 
tooth being narrower than the posterior half. In 
lateral view' \\ of B. brutyi is more curved than in 
the other species. 

b has not been identified in B . brutyi , B 
wakefieldi or B. triradiatus. in H. punas T is 
small and single-rooted, inserting into a shallow 
alveolus directly behind the posterior alveolar 
margin of li Us crown inclines forward to overlie. 
It posterobasally. In some specimens of#, brutyi 
there appears to be the remnant of u small alveo- 
lus in the fragile region between 1| and Pi, sug- 
gesting a small, single-rooted 1 2 . 

P\ is small, 2-rooted and cap-like, the crown 
.swelling beyond ihe roots in all directions. There 
is a minor ridge along the anteroposterior axis of 
the tooth, with the crown sloping away from the 
crest on each side tow ards the lingual and hueeal 
margins respectively. In dorsal view it is almost 
circular in omline, being slightly wider than long. 
The crown does not extend as far beyond the roots 
posteriorly as it does in other directions. In B. 
pan'us ihe crown is shorter and flatter than in B. 
brutyi and is also procumbent, rising slightly at 
its anterior end to overlie the posterior end of b; 
it is ovoid in dorsal view (slightly longer an 
teroposteriorly ) and its posterior end is reduced. 

The anterior root of Pi inserts antcrobueeal to 
the posterior root. The posterior alveolus is closer 
to (he anterior alveolus of ft than it is to the 
anterior alveolus of Pi, inserting slightly lingually 
and anterior to the anterior alveolus of P:. The 
septum separating the posterior alveolus of Pi and 
the anterior alveolus of P? frequently breaks 
down so that they form a single cavity. In some 
specimens, therefore, there may appear to be only 
three alveoli in the region which had been occu- 
pied by the 4 roots of Pi and Pa. Even with the 
septum intact, the arrangement of alveoli might 
suggest that the posterior alveolus of Pj and the 
anterior alveolus of P 2 belonged to the same 
tooth. Whereas in B. brutyi the alveoli 0 I P 1 and 
P: are closely but unevenly spaced, in B parvus 
the 5 alveoli of ];. Pi and P 2 are evenly spaced 
and in the adult animal there is a small gap 
between Pj and P 2 (in subadull or younger ani- 
mals the teeth are closer together). 

P 2 is similar in shape but a little larger than Pi. 
The slight anteroposterior crest lies at an angle 
(lingual posteriorly) across the alveolar margins, 
directly above an imaginary line joining the cen- 
tres of the P: alveoli. Posteriorly the crown ex- 
tends beyond and rises above the root, 
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FIG, 7. Lower cheekteeth of#. brurvi in occlusal view. FIG. 8. Left upper cheekteeth of B. brum paratype 
A-C, QMF 30102. A, LPv B-B\ LMj. C-C\ LM:. QMF30091 in occlusal view. A, P\ B-B\ M 1 . C-C\ 
D-D’ RMu)fQMF30l00. E-E\ RMa of QMF30 176 M 2 . D- D\ M 3 " 4 . B-D stereopairs. Scale = I mm. 

B-E stereopairs. Scale = I mm. 

that the crown is somewhat twisted. In B. parvus 
terminating in a small cuspule and abutting P*. P 2 is larger and relatively longer, with a crown 
Anteriorly, the crown extends slightly beyond the that extends further beyond the roots, particularly 
root. Lingually and buccally the crown swells out anteriorly, giving the anterior end of the tooth a 
and falls away to a rounded point on each side, shelf-like appearance in lateral view. The crest is 
The buccal, ventral apex is slightly higher and less clearly defined than in B. brutyi and approx- 
more anteriorly located than the lingual apex, so imately parallel to the axis of the I 2 -P 2 interval. 
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The crown of P2 shows less lingual-buccal asym- 
metry than in B. briny i. The posterior end of the 
crown rises higher and more steeply than in B. 
brutyi with a distinct hump above the posterior 
root of the tooth, posterior to which the crown 
increases only slightly in height. The P: of B. 
triradiatus is similar to, but larger than, that of B. 
brmyi. It is wider but shorter than P2 in B . parvus 
and almost circular in dorsal view. Although it 
protrudes beyond the roots in all directions, it is 
Hatter than in B. brutyi and B. parvus. As with B. 
brutyi , the buccal side is displaced ahead of the 
lingual side and as with B. parvus , in lateral view 
the crown has an anterior *lip\ The anteroposter- 
ior crest is poorly developed. A P2 (NMV 
PI 800 1 6 ) assigned to B. triradiatus by Turnbull 
ct al. ( 1987 ) is considerably larger than and dif- 
ferent to P2 in the Holotype. It is I -rooted, in 
contrast to P2 in the Holotype, which has 2 or 3 
roots. NMV P 1 800 1 6 could possibly be a B. 
triradiatus P 2 . P2 is not known from B. wakefieldi 
but appears to have been 1 -rooted. 

The plagiaulacoid crown of P3 is longer and 
taller in B. brutyi than B. wakefieldi , larger in B. 
parvus and larger again in B. triradiatus. P3 of B. 
brand has 5 or 6 dorsal cuspulcs and associated 
ridges. The anterior edge of P3 rises vertically in 
B. brutyi , curving back dorsally to an almost 
horizontal serrated crest. The anterior profile is 
straight in B. wakefieldi , but leans backwards 
slightly as it rises to an also horizontal crest. The 
anterior root descends from the crown more an- 
teriorly and buccally in B. wakefieldi than in B. 
brutyi. In B. triradiatus and B. parvus , the ante- 
rior profile of P3 curves forward then backward 
as it rises, giving the corrugated tooth a ‘fanned’ 
appearance and increasing the length of the dorsal 
edge. In B. triradiatus the anterior root curves 
forward slightly as it rises, with its convex profile 
continued by the crown. In B. pawns the root rises 
vertically to the base of the crown, then the crown 
expands gently forward. The P3 blade is slightly 
concave lingually and convex buccally. The ex- 
posed portion of the anterior root of P3 protrudes 
further beyond the jaw margin buccally in B. 
brutyi than in B. parvus. It is also in high relief in 
B. wakefieldi and B. triradiatus. In B. pawns , the 
posterior end of the crest has shifted lingually and 
backwards (relative to its position in B. brutyi). 
Thus the anterior angle between the long axis of 
the P3 crest and the molar row is greater in B. 
parvus than B. brutyi , as is the angle between this 
crest and its underlying roots. The posterior root 
of P3 is also smaller buccally in B. parvus than in 
B . brutyi and is smaller again in B. wakefieldi 


because the posterior end of the crest and hence 
the direction of the bite force in that region has 
shifted lingually. The anterior end of P3 is more 
attenuated in B. parvus than in the other species. 
Some specimens of B. brutyi have cracks running 
from the dorsal cutting edge basally and back- 
wards, stopping near the base of the crown. P3S 
of each of the other species have similar cracks. 
They are particularly frequent and extensive in B. 
triradiatus. The P3S of B. triradiatus also gener- 
ally show more wear on the anterior end of the 
dorsal cutting edge than is evident in the other 
species. 

Lower molars are bunodont in Burramys. They 
differ mainly in size, Mi cusp morphology and 
degree of reduction of M4. Some unworn molars 
of B. brutyi are slightly crenulate, unlike other 
species of Burramys , but since crenulation is rare 
in B. brutyi and since molars of the other fossil 
species are poorly known, this feature is not re- 
garded as diagnostic. The molar gradient is 
greater in B. pawns than in other species. 

Mi is approximately the same size in B. brutyi 
and B. wakefieldi and is larger in B. pawns. It has 
two roots in each of these species. Mj is not 
known from B. triradiatus but judging from its 
alveoli was 3 -rooted and relatively small, with 
M4< Mk M3< M2. The trigonid rises more stee- 
ply against P3 in B. brutyi and B. wakefieldi than 
in B. parvus , with the protoconid taller in com- 
parison to the metaconid. P3 and Mi are therefore 
more disparate in height in B. pawns than in B. 
brutyi or B. wakefieldi. Posteriorly, the crown 
extends further beyond the roots in B. parvus than 
in the other species. In B. wakefieldi theentoeonid 
is particularly tall. In all species, the Mi 
postmetacristid is continuous with the longitudi- 
nal axis of the dorsal crest of P3. In B. brutyi and 
B. pawns the premctacrislid swings buccally to 
meet the postmetacristid, creating a disjunction 
between the P3 crest and the lingual crests of M 1 . 
The postprotocristid/premetacristid angle is more 
obtuse at the metaconid in B. brutyi than B. 
parvus because the metaconid is more posteriorly 
positioned in the former than the latter. The break 
in the P3-M1 blade system is therefore, longer in 
B. brutyi than in B. pawns . In B. wakefieldi the 
protoconid is more lingually positioned so that 
the crests associated with the P3 and Mi pro- 
toconid, metaconid and entoconid form an almost 
straight line. 

M2 is smaller in B. brutyi than B. triradiatus or 
B. parvus. M2 of the latter is slightly longer and 
narrower than that of B. triradiatus. It is propor- 
tionately shorter in B. brutyi than B. parvus and 
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FIG. 9. B. brutyi sp. nov. A-C, left Pu2 with b alveolus and anlerobasal portion of P 3 . holotype QMF30102 in 
(A-A’I linguaL (B-B’) occlusal and (C-C) buccal views. D-D\ left P 2 and anterior portion of M\ paratype 
QMF30091 in lingual view. A-D stercopairs. Scale = 1mm. 
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TABLE 4. Measurements of B. brmyi types. From 
holotype where possible. M 3-4 lengths and widths, 
M 1-3 and M 1-4 from paratype QMF30I76. All upper 
tooth measurements from paratype QMF30176. Ab- 
breviations as for Table 1. 


Lower teeth 

Pi L 

0.48 

P] MW 

0.55 

P 2 L 

0.62 

p 2 mw 

0.64 

p 3 l 

1.76 

P 3 AW 

1.07 

P 3 PW 

1.23 

P 3 MW 

1.31 

P 3 LH 

1.45 

p 3 bh 

1.76 

Mj L 

1.21 

Mj AW 

0.83 

Mj PW 

0.97 

M 2 L 

1.10 

m 2 AW 

0.88 

m 2 pw 

0.94 

m 3 l 

0.98 

m 3 aw 

0.85 

m 3 pw 

0.80 

m 4 l 

0.66 

m 4 aw 

0.64 

m 4 pw 

0.50 

Mm 

2.30 

Mm 

3.18 

M t . 4 

3.83 


Upper teeth 

p 2 l 

1.01 

P 2 MW 

0.60 

P 3 !, 

1.91 

p3 AW 

0,92 

P 3 PW 

1.21 

P 3 MW 

1.21 

P 3 LH 

1.56 

P 3 BH 

1.64 

M 1 L 

1,11 

M 1 AW 

1,17 

M 1 PW 

1,21 

M 1 MW 

1,39 

M 2 L 

0.96 

M 2 AW 

1.13 

M 2 PW 

0.89 

m 3 l 

0.82 

M 3 AW 

0.90 

M 3 PW 

0.66 

M 4 L 

0.64 

M 4 AW 

0.67 

M 4 PW 

0.40 

M 1 - 2 

2.07 

M 1 * 3 

2.90 

M 1 ’ 4 

3.51 


very slightly shorter than B. triradiatus. Mi is not 
known for/?, wakefieldi. It has two roots in each 
species except for B. triradiatus , in which it has 
three. In a few (<5%) of B. brutyi specimens the 
anterior alveolus has, ventrally, a septum (or re- 
mainder thereof) subdividing it basally into 2 
compartments, suggesting a root bifurcated at its 
tip. This condition may be intermediate between 
the 2- and 3-rooted conditions. In B. brutyi and B. 
pamts there is frequently a small cuspid halfway 
along the lingual margin of the crown, at the 
junction of the postmetacristid and the pre- 
entocristid. Sometimes the cuspid is not clearly 
differentiated from the postprolocristid. It is the 
same size in both species even though the tooth 
is larger in B. parvus. The cuspid is not evident in 
B. triradiatus , although there is a small dorsal 
protuberance on the anterior end of the pre- 
cntocristid of NMV P 1 58628. In each species the 
postprotocristid curves lingually from the pro- 
toconid before straightening and running approx- 
imately parallel to the tooth axis until interrupted 
by the transverse hypoconid-entoconid lophid. 
Postprotocristid curvature is less extreme in B. 


brutyi than the other species. The crislid obliqua 
lies parallel to the tooth axis, forming a 
posterobuccal cingular pocket between itself and 
the postprotocristid. In all species the buccal 
cusps are bulbous. The hypoconid causes the 
posterobuccal comer of the tooth to extend be- 
yond its basically rectangular outline. The lingual 
cusps are slightly ahead of the buccal cusps, 
skewing the sides of the tooth slightly. They are 
more crescentic than the buccal cusps and, to- 
gether with their associated crests, form a blade- 
like structure. 

M 3 is similarto, but smaller than, Mi. Cusps are 
lower and basins shallower, with the crown sur- 
face showing more wear than Mi, M 3 is smaller 
in B. brutyi than the other species, is slightly 
larger in B. triradiatus than B. pamts and is not 
known from B. wakefieldi. Interspecific compar- 
isons of M 3 arc as for Mi except that in B. brutyi 
and B. parvus , but not B. triradiatus , the lingual- 
buccal skew is slightly more pronounced than in 
Mi. In all species M 3 is slightly shorter an- 
teroposteriorly than Mi. In B. triradiatus the pro- 
toconid and hypoconid of M 3 are subcqual 
whereas in Mi the hypoconid is larger. In M 3 
there is a distinct cleft dividing the rounded pro- 
toconid and hypoconid. 

M 4 in B. brutyi and B. wakefieldi has 2 roots, 
whereas in B . triradiatus it has 3 and in B. parvus 
1 , While most specimens of B. brutyi have 2 roots 
or alveoli for M 4 , some have 3 and a few had 1 
root, Such variation is not evident in the B. 
triradiatus or B. pamts. M 4 is not known for B. 
wakefieldi or B. triradiatus but the alveoli of B. 
triradiatus suggest that it was far less reduced 
than in B. parvus and possibly less reduced than 
in B. bruty i. M 4 is low-crowned, with low cusps 
which quickly wear down. It is smallest and most 
degenerate in B. pamts , 

Upper teeth of Burramys anterior to P 2 have not 
been recognised from Riverslcigh or Hamilton, 
so discussion of the upper dentition will be lim- 
ited to P 2 ' 3 and M 1 ' 4 . Skull fragments and upper 
teeth of B. wakefieldi are unknown. The upper 
dentition of B. triradiatus is known only from 
isolated teeth. 

Maxilla. Palatal vacuities arc smaller in B. brutyi 
than B. parvus. The anteroventral opening of the 
infraorbital foramen is also smaller (and less 
round) in B. brutyi , as are foramina in the al- 
isphenoid and squamosal. Known bones of the 
skull arc more robust in B. brutyi than in B. 
parvus. In both species the maxiila is swollen 
around the P 3 alveolus, between the lachrymal 
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and the infraorbital foramen. This swelling is 
more extensive in B. parvus than B. brutyu with 
P ' and the anterior Ittiiii of the molar row begin- 
ning further forward in the living species. In 
ventral view, the anteromedial limit of the zygo- 
matic arch in B. brutyi is level with a point mid- 
way between the protocone and protoeoiuilc of 
M*- In B. parvus it is midway between the 
metncomilc and proioconc of M* The upper 
molar gradient is steeper in B. pamts than in the 
oilier species. In H . brutyi the molar iow rotates 
buccal ly around the inusilhi from front to back, 
to a greater degree than occurs in B. parvus. 

Upper dentition. P 2 of H. brutyi is 2-rooted and 
similar to, although slightly larger than. P 2 . A 
weak crest runs from a small euspule at the high- 
est point on the crown, which is midw/iv along 
the raised posterior edge, to the anterior base of 
the crown, languidly and huccally the crown 
slopes towards the roots. The base of the crown 
expands linguallyovci the posterior root extend- 
ing the crown outline posterolingually. This 
swelling is less pronounced in B. parvus, in 
crown view die tooth is teardrop-shaped, being 
just wider than the transverse diameter of the 
antenor mot. In B, parvus* by contrast, the 2- 
rooted P 2 crown expands beyond the roots lor Us 
whole length (more so posteriorly than anteri- 
orly). In both species the crown is parallel to the 
edge ol the medially inclined palate, lorming an 
angle with P- ami the molar row. Although P~ for 
B. triradiants has not been identified, the small, 
single-rooted tooth (NM V IM 800 16), determined 
bv Turnbull cl al. (1987) to be a P 2 , is similar to 
P-s of />. brutyi and B. pair us and is interpreted 
here to be P-, 

hi B. brutyi. as in B. triradiatus and B. parvus . 
P* is similar ro Pi. Regarding P 1 ameroposierior 
length, B. brutyi <B. patrus <B. triradiatus. P } is 
dorsovcutrally shortest in B brutyi and slightly 
tallei in H. triradiatus} ban B parvus, h is simi- 
larly shaped in /ill three species but in B. brutyi 
the crown decreases in anteroposterior length 
from base to occlusal edge, w hereas in B. parvus 
and B. triradiatus the ventral edge ol the blade is 
at least as long as base of die crown. In anterior 
view, P* of B. brutyi is us wide as that of B. parvus 
at its base, but tapers more rapidly and is hence 
thicker at the occlusal edge and more robust in 
appearance. In B. triradiatus the tooth is thicker 
busally than in B parvus because or a broader 
cingulum (sec below). It is thicker for most of its 
height but tapers to almost as thin an edge as does 
B. parvus P\ Whereas the deniary turns medially 


immediately anterior to Pu the maxilla of 
Btirrumys turns medially only anterior to P 2 . P* 
therefore docs not appear to turn out from the 
molar row as much as Py; its crest is approxi- 
mately parallel to the molar row. Consequently it 
does not have to retract anterohasally (as vviili V\) 
to insert into the hone and unlike Pi its anterior 
edge, seen in lateral view, may appear to extend 
slightly forward basal ly. Probably us a conse- 
quence of this, the buceabcoiivexity/liiiguul-com 
cavity is, in all species, less pronounced Hum in 
Pi. hi ocelu sal view, of B. brutyi is basically 
rectangular, but with the antenor end curving to 
a rounded point and the posterior corners 
rounded. In B. parvus and B. triradiatus it is more 
ovoid, the anterior end again being a little nar- 
rower than the posterior cud, and pointed. There 
is a narrow cingulum, poorly developed ul the 
anterior end, along the lingual and buccal sides of 
the crown. The cingulum is very weak in B. 
brutyi , slightly better developed m B. parvus and 
significantly better developed in B. triradiatus. In 
this species the cingulum is sometimes 
emphasised lingually by a vertical wear facet lluu 
terminates abruptly ul the cingulum. In B 
triradiatus and to some extent in B , parvus the 
second and sometimes third lingual ridges merge 
into the first which forms a curb that arcs back 
toward die cingulum. This curb is less prominent 
in B . brutyi in which ridges approach the cingu- 
lum without merging. 

In all species M 1 has 3 roots — a larger lingual 
and 2 smaller buccal roots. In B. brutyi M 1 is 
wider than it is long, In B. patvus anil B. 
triradiatus il is about as wide as long. In all 3 
species there is a swelling anterobuecnl to the 
para cone such that the anterohuccal corner of the 
tooth is a little larger than the pusterobuccal cor 
ncr. In B. htntyilhcre is adislincl buccal eingular 
basin or shelf at the intersection of the post- 
paraerista and the premetaerista extending back 
to the level of the nictacone and forward nearly 
as lar as the paracone. It is sometimes delimited 
anteriorly by a small crest running buccal ly from 
the paracone. In B. patvus this pocket is little 
more ihtin a sloping cingular shelf. In li 
triradiatus it is a narrow cingulum following the 
rounded paracone and metacone buccally 
(Turnbull el al., 1987, fig. 5A), The cctoloph of 
/?. brutyi is roughly parallel to the anteroposterior 
axis ol the tooth. As with B, pa ruts* the paracone 
is significantly larger than tlieotlier cusps, retain- 
ing its height as the tooth wears. The pnoioconule 
and tnelaconule are less developed in B . brutyi 
and B, triradiatus than in B, parvus. Hence in 
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occlusal view, M 1 of B. brutyi is basically rectan- 
gular, with the anterior and posterior ends of the 
tooth parallel. In B. pawns it is longer and more 
curved lingually than buccally because of the 
inflated protoconule and metaconule. In occlusal 
view there is an indentation between the paracone 
and metacone in B. briny i and B. tri radiants , 
whereas in B. parvus the crown outline between 
those cusps is almost straight. 

M 2 is rectangular in B. brutyi (shorter an- 
teroposteriorly) and considerably smaller than in 
either B. triradiatus or B. parvus , in both of which 
it is about as wide as it is long. In all species it has 
3 roots and a small cingular pocket anterobuccal 
to the paracone, bounded lingually by a short 
preparacrista that runs perpendicularly from the 
anterior edge of the tooth to the paracone. The 
buccal cusps and their associated crests are blade- 
like in comparison to the more rounded lingual 
cusps. In B. triradiatus the buccal cusps are more 
pointed and the lingual cusps more rounded than 
in B. brutyi or B. parvus . The transverse lophs are 
also taller and consequently the cingular and cen- 
tral basins deeper. The protocone and metaconule 
are more approximated than in other species, as 
are the paracone and metacone. In unworn spec- 
imens of B. parvus the relative cusp heights are 
as reported for B. triradiatus (Turnbull et al. 
1987): protocone exceeds metaconule while 
paracone is subequal to the metacone. In worn 
M 2 s of B. parvus the lingual cusps are lower so 
that the paracone exceeds the metacone which 
exceeds the protocone which is subequal to the 
metaconule. This pattern of cusp wear appears to 
be the same in B. brutyi. 

M 3 of B. brutyi is similar to M 2 but is smaller, 
proportionately a little narrower (because the lin- 
gual cusps arc less bulbous ) and with cusps a little 
lower. The posterior cusps are more reduced than 
the anterior cusps and the metacone, in particular, 
is relatively lower. The metaconule is slightly 
further forward than in M 2 so that the postero- 
lingual corner of the tooth is more rounded in 
occlusal view. This feature is similar to the con- 
dition in B. triradiatus and, even more so, to the 
condition in B. parvus. The transverse lophs, pre- 
and post-cingula and their associated basins soon 
wear down to the level of the central basin. M 3 is 
most reduced posteriorly in B. pawns and least 
reduced in B. triradiatus. 

M 4 is larger, both relative to other molars and 
absolutely, in B. brutyi than in B. parvus and is 
also less posteriorly reduced. The posterior cusps, 
especially the metaconule, are markedly reduced. 
The anterior cusps, although low and rapidly 


worn, are distinct in unworn teeth and remain 
distinguishable until late wear stages. Although 
the cusps, their associated crests and basins are 
low and quickly levelled, worn M 4 s of B. brutyi 
shows more surface morphology than those of B. 
parvus , in which even newly-erupted M 4 s are 
almost featureless. M 4 has 3 roots in B. brutyi. 
Ride (1956) reports a double-rooted M 4 in B. 
pawns but it appears from the specimens exam- 
ined that the basic condition in B. parvus is a 
3-rooted M 4 , perhaps with a reduced number of 
roots in some specimens. 

INTRAGENERIC PHYLOGENETIC 
ANALYSIS 

Thirty-five characters were investigated for 
their potential to contribute to an analysis of the 
relationships between species of Burramys. 
Cercartetus nanus , C. lepidus , C. caudal us and 
C. concinnus were used as the primary outgroup 
since Burramys and Cercartetus are sister groups 
(Archer, 1984; Aplin & Archer, 1987). Tricho - 
sums canituis , T. arnhemensis , T. vulpecula , 
Spilocuscus maculatusmii Phalange r cannelitae 
were used as a secondary outgroup because DNA 
hybridisation indicates that burramyids and 
phalangerids are sister groups (Springer & 
Kirsch. 1989). Character numbers refer to Table 
5; unnumbered characters are not included in the 
analysis. 

1 . Body size. Jaw lengths suggest that B. brmyi and B. 
wakefield i were of similar body size. B, tri radiums and 
B. pawns are larger and approximately the same size 
as each other. Cercartetus lepidus , the smallest of its 
genus, is also regarded as the most primitive (Archer, 
1 984). Phalangerids are larger than burramyids but this 
is likely to be a derived condition: diverse taxa exhibit 
a general tendency for increasing body size over time 
(Maurer et al., 1992). The small size of C. lepidus 
suggests that larger size is apomorphie within 
Burramys . In our diseussion of character states, a 
morphological feature is regarded as large only if its 
greater size is independent of increased body size. 

2. Robustness. The dent ary and maxilla of B. pawns 
are more slender than those of other Burramys, despite 
being larger. All speeies of Cercartetus have similarly 
slender jaws. Trichosums , Spilocuscus and Phalanger 
are more robust than Cercartetus or B. pawns , but 
being several times larger than burramyids. they do not 
form a useful comparison in this regard. The slender- 
ness of Cercartetus suggests that increased robustness 
is apomorphie in burramyids. 

3. Length of L-P2 interval. The interval occupied by 
12, Pi and P2 is longer relative to jaw length in#, pawns 
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TABLE 5. Characters and character polarities for intrugcncric phylogenetic analysis of Marrams species. 
Plesiomorphic state denoted by 0; ? indicates that information on character is unavailable. A and B indicate 
alternative derived states. 


Character 

B. brutyi 

H. zoakefieldi 

B. triradiaius 

B. parvus 

1 Body size 

0 

0 

1 

1 

2 Rob us ti city 

1 

1 

1 

0 

3 Length of I2-P2 interval 

1 

1 

2 

0 

4 Length of 1 ^ 

0 

7 

? 

1 

5 Basal thickening of Lj 

1 

? 

1 

0 

6 Number of roots 

0 

1 A 

IB 

0 

7 Arrangement of alveoli Pj.o 

1 

? 

7 

0 

8 Size of P3 

1 

i 

2 

1 

9 Size disparity between P3 roots 

1 

3 

2 

2 

10 Number of ridges P3 

1 

1 

3 

2 

1 1 Curvature of P3 anterior profile 

0 

0 

1 

1 

1 2 Concave / convex P3 

0 

0 

1 

1 

13 A rched dorsal edge P3 

0 

0 

1 

2 

1 4 Divergence of P3 from molar row 

1 

3 

2 

2 

1 5 Transverse compression P3 

1 

1 

3 

2 

1 6 Distinct Mi talomd and tngonid 

1 

0 

7 

1 

17 Mi protoconid position 

0 

1 

7 

0 

18 Mi metaconid position 

0 

0 

7 

1 

1 9 Relative length lower molars 

2 

2 

1 

0 

20 Neomorphiccuspid 

1 

? 

0 

1 

21 Loph(id)developmentM2>3/ M 2 ' 3 

1 

? 

0 

1 

22 No. roots Mj .3 

0 

0 

1 

0 

23 No, roots M 4 

0 

0 

1 A 

IB 

24 Reduction of M4 

1 

1 

0 

2 

25 Size of maxillary vacuities 

26 Anterior limit P 5 

0 

7 

7 

1 

1 

? 

7 

0 

27 Rotation of upper molar row 

1 

? 

7 

0 

28 Inflation of lingual cusps M 1 

0 

7 

0 

1 

2 9 Lingual displacement of M 1 
paracone 

0 

7 

0 

1 


than in B. brutyi or H i ri radiums , with B triradiaius 
the shortest. This region is incomplete in the holotype 
ol B. witkejteldibux appears to be about (he same length 
as in B. bnini This interval is relatively long in 
Circa riemsmd phalangerids, indicating that this is the 
plesiomorphic stale. 

4. 1 1 length. 1 1 is longer in B. parvus \ him B. brutyi and 
longer again in B triradiaius (unknown in B. 
wake ft? Id i). It is shorter in Cercartetus than Burramys 
and is shorter in phalangerids, A long 1 1 ts regarded as 
apomorphic 

5. Thickened base of 1 1 . In B. brutyi and B triradiaius 
1 1 is thick basally (thicker in B triradiaius) and im- 
mediately begins to taper; approximately half way 
along the exposed portion til the tooth it thins markedly 
then attenuates to the tip. In B. parvus It tapers grad 
unity without marked reduction at a particular point. In 
Ctvvartems. Tricbosunis , Spiloctiscus and Phatanger 
I { docs not change suddenly in diameter, suggesting 
that a basally thickened li is apomorphic. 

Shape of Pi Pi is not known for B wakejtcldi or B 


tn radiat us. In B. brutyi it is small, rounded and similar 
to Pz In B. paints Pi is intermediate between the 
cap-like P2 and the slightly elongate, procumbent I2. 
In C. cuudatus and C. lepidus Pi and P2 are both 
bulion-likc and upright, in C. nanus and C. conciunus 
Pi resembles I2 almost as much as P2. Tricbosunis and 
Phalange r species have extensive diastemata. lacking 
Pj and P2 analogous to those of burramyids. It is 
therefore unclear which slate of Pi is more 
plesiomorphic and although this character may be phy- 
logenciieally significant, a satisfactory polarity assign- 
ment cannot be made. 

6. Number of roots P| and Pz Burramys brutyi and B. 
paints have double-rooted P| and l J 2. Burnvnys 
trirudiatus has a triple- rooted P2 and double- or triple- 
moled P|: the number of roots is not dear due to 
damage in the av ailable material P 1 and P2 each appear 
to have been single-rooted in B. wakefirldi. P1-P2 of 
C e rent rents possess .sometimes one and sometimes i wo 
roots. P |-2 of Trirliosunts and Phalange r are either 
extremely reduced or absent. Outgroup analysis does 
not resolve the polarity of this character. The normal 
marsupial prcmolar condition is two-rooted so this is 
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taken to be the plcsiomorphie condition. Burrcuuys 
wakefieldi and B, triradiams are interpreted as having 
alternative derived states. 

7. Arrangement of Pi -2 alveoli. In B. pawns the alveoli 
of Pi -2 are in a straight line between 12 and P3. In B. 
brutyi the anterior alveolus of P2 is lingual to its pos- 
terior alveolus and the posterior alveolus of Pi is lin- 
gual to its anterior alveolus. B. wakefieldi and B. 
triradiams have different numbers of roots for Pi -2 
Irom B. bmtyi and B . pawns* so their alveoli are not all 
homologous. In all species of Cercaretus the alveoli of 
Pi -2 lie in a straight line, this is also the case for 
Trichosunis , Spilocuscus and Phalanger (where the 
teeth occur). Linearly-arranged alveoli arc therefore 
thought to be plesiomorphic for burramyids. 

8. Size of plagiaulacoid premolar. The sectorial premo- 
lar of Cercariems and phalangerids (and Mi of C. 
concinnus) is smaller than that of Burramys. It is there- 
fore assumed that an enlarged plagiaulacoid premolar 
is synapomorphic for Burramys and apomorphic 
within the genus. Although P3 of B. pawns is larger 
than that of B. wakefieldi or B. bmtyi , log-scaled plots 
of P3 buccal crown surface area against jaw length 
(unpubl. data) suggest that P3 of B. pawns is not 
disproportionately large for its body size. P3 of B. 
triradiams . on the other hand, departs significantly 
from the line of best fit for P3 size against body size, 
being disproportionately large. P3 of B. wakefieldi falls 
below the line, suggesting that it is disproportionately 
small, but Studentized residuals do not show its depar- 
ture from the line to be significant. 

9. Relative sizes of anterior and posterior roots of 
plagiaulacoid premolar. Buccally, the posterior root of 
P3 is smaller, relative to its anterior root and crown, in 
B. wakefieldi than in other Burramys. The posterior 
root of P3 is smaller (relative to the anterior root and 
the crown) in B. pawns than in B. brutyi. The anterior 
root of the large P3 of B, triradiams is massive; al- 
though the posterior root is comparatively small, the 
disparity is not as great as that in B. wakefieldi. In 
Cercariems and phalangerids, the anterior and poste- 
rior roots of the sectorial premolar are subequal; this is 
thought to be the plesiomorphic condition. 

10. Ntimbcrof ridges on plagiaulacoid premolar. In /?. 
brutyi and B. wakefieldi there are 5 or 6 ridges on each 
of the buccal and lingual faces of P3 and 5 or 6 
associated dorsal cuspules. The lack of posterior and 
weakness of anterior cuspules in the holotypc of B. 
wakefieldi appears to be the result of extreme wear on 
the formerly serrated tooth. In B. pawns there are com- 
monly 7 ridges and cuspules and in B. triradiams . 9. 
Phalangerids w ith smaller, tinridged P3s are thought to 
be more plesiomorphic than those with larger, ridged 
P3s (Flannery et al., 1 987); all have fewer ridges and 
cuspules than Burramys. Cercariems nanus and C. 
randoms have a single sharp dorsal cusp on the secto- 
rial premolar and C. concinnus one main cusp on its 
premolariform Mi. A larger number of ridges and 


cuspules is regarded as more derived within Burramys 
and a synapomorphy of the genus. 

1 1 . Curvature of anterior profile of P3. In lateral view', 
P3of B. wakefieldi and B. bmtyi has a relatively straight 
(approximately vertical) anterior profile. In B. 
triradiams and B. pawns the crown expands anteriorly 
to produce a curved profile. The sectorial P3 of 
Cercartetns does not curve forward anteriorly (al- 
though the autapoinorphic premolariform Mi of C. 
concinnus does). Anterior curvature may be associated 
with increased P3 size, with enlargement having been 
achieved by anterior extension of the crown. However 
P3S of T. can inns and T. vnlpecula , which are curved, 
are smaller than those of Spilocuscus and Phalanger , 
which are less curved. Size and curvature are therefore 
not necessarily linked. It is possible that Miocene P3S 
represent primary enlargement of the tooth w ithout the 
functional elaboration of other species, in which the 
inflated anterior edge may disperse stress, increase 
occlusal area, or perform some other function. A 
curved anterior profile is regarded as apomorphic 
w ithin Burnimyidae. 

1 2. Lingual concavity/buccal convexity of P3. The P3 
blade of Burramys is concave lingually and convex 
buccally ( particularly anteriorly). The contrast between 
lingual and buccal curvature is least pronounced in B. 
wakefieldi and B. brutyi and more pronounced in B. 
pawns and slightly more in B. triradiams. As w'ith 
anterior profile curvature, this feature occurs in 
Trichosunis but not in Cercartetns , Spilocuscus or 
Phalanger. It is regarded as apomorphic. 

13. Arching of dorsal edge of P3. The dorsal edge of 
P3 is arched in B. pawns ; in the other species it is 
straight, but in B. triradiams there is a slight curvature 
at the anterior end of the blade. The sectorial teeth of 
Cercartetns do not have a dorsal blade edge homolo- 
gous with that of Burramys and so do not provide a 
useful comparison. The dorsal edge of P3 is straight in 
phalangerids and this is assumed to be the ptesio- 
morphic condition. 

14. Divergence of P3 from anteroposterior axis of 
molar row'. In Burramys , the longitudinal axis of P3 
departs from the ramus such that it forms an angle with 
the anteroposterior molar row axis. This angle is largest 
in B. wakefieldi and is larger in B. pawns and B. 
triradiams than in B. bmtyi. In Cercartetns the longi- 
tudinal axis of the lower sectorial tooth is parallel to the 
anteroposterior axis of the molar row and within 
phalangerines, a more oblique placement of P3 is re- 
garded as apomorphic (Flannery et al„ 1987). Diver- 
gence of P3 from the anteroposterior axis of the molar 
row r is a synapomorphy of Burramys* within Burramys* 
the plesiomorphic condition is taken to be a less diver- 
gent P3. 

15. Transverse apical compression of P3. In anterior 
view, the crown of P3 of Burramys tapers from the 
base, attenuating dorsal ty then terminating apically 
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with a serrated longitudinal median ridge. This trans- 
verse apical compression is least pronounced in the 
Miocene species and most pronounced in B. 
triradiatus . Crowns of the sectorial prcmolars of 
Cercartetus , Trichosurus, Spilocuscus and Phalanger 
are less attenuated than those of Burramys. Increased 
dorsal transverse compression is synapomorphic for 
Burramys. Laterally compressed P3S are regarded as 
more derived than those with thieker apices. 

16. Distinction of talonid and trigonid of M|. In B . 
wakefieldi the talonid and trigonid of Mi are elearly 
demarcated in occlusal view by lingual and buccal 
indentations. In B . brutyi and B. parvus the talonid and 
tngonid are less distinct. Mi is not known for B. 
triradiatus. Talonids and trigonids are more distinct in 
Cercartetus than in Burramys , indicating the 
plesiomorphic state. The fused talonid and trigonid 
departs further from primitive tribosphenic morphol- 
ogy. Alternatively, the structure of Mi in B. wakefieldi 
could be autapomorphic, with the crests defining the 
talonid and trigonid f unctioning primaril y as buttresses 
for the anterolingual crests which may, in this animal, 
have extended the function of P3. However, the former 
hypothesis is preferred, 

17. Lingual displacement of protoconid of Mi. The 
protoconid of Mi is displaced further lingually in B. 
wakefieldi than in B. brutyi or B. parvus so that in B. 
wakefieldi the crests associated with P3 and the Ml 
protoconid, metaconid and entoconid form an almost 
straight line. The position of the protoconid is variable 
in Cercartetus and phalangerids. In the primitive 
tribosphenic molar, the protoconid is a buccal cusp, so 
lingual displacement is regarded as apomorphic. 

18. Anterior displacement of metaconid of Ml. The 
paraconid is absent in Burramys and the most anterior 
lingual cusp is the metaconid. In B. parvus the 
metaeonid is more anterior than in B. wakefieldi or B. 
brutyi , narrowing the gap in the P3-M1 crest. In the 
Phalangeridae and Cercartetus position of the 
metaconid relative to the protoconid is variable. Out- 
group analysis does not resolve the polarity of this 
character. The metaconid of B. pawns occupies the 
position that in a plesiomorphic (tribosphenic) molar 
would have supported the paraconid, so the anteriorly 
displaced metaconid is regarded as apomorphic. 

Inclination of M 1 trigonid against P3. The trigonid of 
Mi rises more steeply against the posterior face of P3 
in B. brutyi and B. wakefieldi than in B. pawns. Neither 
Cercartetus nor phalangerids give a clear indication of 
the polarity of this character. It has developed a number 
of times in phalangerids and pilkipildrids and is prob- 
ably homoplasious. 

1 9. Relative length of lower molars. M2-4 oY Burramys 
differ in their lengths (relative to widths) such that B. 
brutyi <B. triradiatus <B. pawns. M2-4 are not known 
for B. wakefieldi but judging by their alveoli, they were 
of similar proportions to those of B. brutyi. In 


Cercartetus , Trichosurus , Spilocuscus and Phalanger , 
the molars are relatively long, implying that this is the 
plesiomorphic condition. 

20. Neomorphic cuspid at intersection of 
postmetacristid and preentocristid of M2-3- In B. brutyi 
and B. pawns there is usually a small neomorphic 
cuspid approximately half way along the lingual mar- 
gin of the crown, at the junction of the postmetacristid 
and the preentocristid. This cuspid is not present in the 
few available lower molars of B. triradiatus, nor in 
Cercartetus , Trichosurus, Spilocuscus or Phalanger , 
suggesting that it is apomorphic in the Burramyidae. 

Lingual cusps skewed ahead of buccal cusps of M2-3- 
In B. triradiatus, the lingual cusps of M2-3 are ahead 
of the buecal cusps, skewing the sides of the teeth 
slightly. This skew is less evident in B. brutyi and 
slightly less again in B. parvus, Cercartetus caudatus 
is about as skewed as B. parvus and is the least skewed 
of species of Cercartetus, with C. nanus and C. con - 
cinnus showing about the same, increased degree of 
skew. The amount of skew on the molars is variable 
within phalangerids, ranging from very minor to quite 
pronounced. Outgroup analysis gives no clear indica- 
tion of whether skewed molars are plesiomorphic or 
derived in Burramys. 

2 1 . Transverse loph(id)s of M^-3 and M 2 " 3 The trans- 
verse lophs and lophids of M 2 ' 3 and M2-3 are more 
complete in B. triradiatus than in B. brutyi or B. parvus, 
such that the central basins and the pre- and post-cingu- 
lar basins of the teeth are deeper and more clearly 
defined in the Hamilton species. Cercartetus lacks 
transverse loph(id)s but this is probably apomorphic 
for the genus; lophs and lophids are well formed on the 
molars of the more plesiomorphic phalangerids. 
Burramys triradiatus is thought to be relatively 
plesiomorphic in possessing more complete molar 
lophs and lophids. 

22. Number of roots M1-3. Mi-3 are double-rooted in 
B. wakefieldi , B. brutyi and B. pawns, but in B. 
triradiatus are 3-rooted. Turnbull ct al. ( 1 987) regarded 
the 3-rootcd condition as a plesiomorphic retention. 
However, Cercartetus , phalangerids and virtually all 
marsupials have 2-rooted molars, making the 
plesiomorphic retention of 3-rooted lower molars by B. 
triradiatus seem unlikely. The 3-rooted lower molars 
of B. triradiatus are interpreted as autapomorphics. 

23. Number of roots M4. M4 is single-rooted in B. 
pawns % double-rooted in B. wakefieldi and B. brutyi, 
and has 3 roots in B. triradiatus. M4 of Cercartetus 
(where it occurs) and phalangerids has 2 roots. The 
single-rooted and threc-rooted M4 of B. parvus mid B. 
triradiatus (respectively) are interpreted as alternative 
apomorphic states derived from a 2-rooted 
plesiomorphic condition. 

24. Reduction of M4. M4 is most reduced in B. pawns 
and least reduced in B. triradiatus, with the Miocene 
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species intermediate. Cercartetus lepidus and C. 
caudatus (apparently the most plcsiomorphic 
Cercartetus) have M4, though reduced; in C. nanus and 
C. cone in tins M4 is absent. In Trichosurus M4 is sub- 
equal to Mi -3; in Spilocuscus and Phalanger (which 
are generally more derived than Trichosurus) it is 
slightly smaller than the anterior molars, Reduction of 
the posterior molars occurs frequently and indepen- 
dently. Since primitive members of both outgroups 
have less reduced M4, and since reduction of the molar 
row posteriorly is commonly a derived state, more 
reduced Mqs are interpreted as apomorphic, Although 
M4 reduction correlates with M4 root number in 
Burraniys , it is treated as a separate character since, as 
demonstrated by the relative sizes and number of roots 
of M 1 -3 in the different species, there is not necessarily 
a connection between molar size and number of roots, 

25 . Enlarged maxillary vacuities. Maxillary vacuities 
are larger in B. pamts than in B. brutyi. The vacuities 
of Cercartetus do not resolve this character. Vacuities 
are less extensive in phulangerids than in B. parvus , so 
a less evacuated palate is regarded as plcsiomorphic. 

26 . Anterior limit of relative to zygomatic arch. P*\ 
and therefore the anterior of the upper molar row, is 
further forward on the maxilla relative to the jugal 
portion of the zygomatic arch in B, parvus than in B. 
brutyi. In C. concinnus and C. caudatus the teeth are 
further forward than in Burramys\ in C. nanus (and 
possibly also C. lepidus) the anterior extent of the teeth 
is similar to that in B. parvus. In S. tnaculatus , P. 
cannelitae , T arhemensis and T. vulpecula , the 
cheekteeth commence further forwards. The polarity of 
this character is not immediately evident, particularly 
as there are a variety of states within Cercartetus: 
however the anterior disposition of the teeth in 
phalangerids would argue for that being the 
plcsiomorphic condition. 

Enlarged P-^ cingulum. The P3 cingulum is slightly 
more developed in B. pamts than B. brutyi and signif- 
icantly more pronounced in B. tri racliatus. It possibly 
developed in conjunction with the enlargement of P-* 
and the generation of greater bite forces at the P 3 s, 
functioning as a stopper for P3 during premolar func- 
tion (as indicated by postcrolingual wear facets that 
stop abruptly at the cingulum in B. pamts and B. 
triradiatus) and also protecting the gums from hard 
food particles sectioned by the premolars. P^s of 
Cercartetus and phalangerids are not sufficiently sim- 
ilar to those of Bttrramys to have homologous cingulae, 
so outgroup comparison cannot polarize this character. 
If the enlarged cingulum is linked to P 3 size it is not an 
independent character . 

Anterior attenuation of P-\ In dorsal view, P 3 is more 
ovoid and in particular, more attenuated anteriorly, in 
B. triradiatus and in B. pamts than in B. brutyi. is 
insufficiently similar in Cercartetus and phalangerids 
to Bttrramys to be useful in determining polarity of this 
character. Anterior attenuation may be associated with 


P 3 size and is probably linked to anterior inflation of 
P3; it is not treated as an independent character. 

27 . Posterobuccal rotation of molars rotate around 
maxilla. Upper mol arrow rotation is greater in B. brutyi 
than in B. pamts , The upper molars do not rotate 
buccally in a posterior direction in Cercartetus , but 
they do in phalangerids examined. Using Cercartetus 
as the primary outgroup and applying the principle of 
commonality, the rotating molar rowoffl. brutyi would 
be interpreted as more derived than the dental arcade 
of B. pamts. 

Pronounced anterobuccal cingular basin M 1 . In B. 
brutyi there is a cingular basin on the anterobuccal 
comer of Mr, in B. triradiatus there appears to be a 
narrow cingular pocket and in B. pamts the pocket is 
little more than a sloping cingular shelf. Inflation of the 
anterobuccal comer of MMs a synapomorphy for 
Burraniys. It seems that the degree of definition of the 
anterobuccal pocket is inversely related to lingual shift 
of the paracone. Therefore, it is not treated as a separate 
character. 

28 . Inflation of lingual cusps of M*. No maxillary 
material is available for B. wakefieldi. In each of the 
other species of Bttrramys , the lingual side of M* is 
enlarged by a protoconule on the lingual margin, ante- 
rior to the protocone. Both protoconule and metaconule 
are more inflated in B. pamts than in other species and 
in association with this, lingual cusps of B. pamts lie 
closer to the lingual edge of the tooth than in the other 
species. There is no protoconule in C. lepidus or C. 
caudatus\ it is present (relatively undeveloped) in C. 
concinnus and perhaps in a rudimentary state in C. 
nanus. There is no protoconule in Trichosurus , 
Strigocuscus or Phalanger. An enlarged protoconule 
is considered apomorphic. 

29 . Lingual displacement of paracone of M 1 . The M 1 
paracone of B. pamts is displaced lingually so that the 
ectoloph is oblique with respect to the anteroposterior 
axis of the tooth. In B. brutyi and B. triradiatus the 
ectoloph is approximately parallel to the tooth axis, 
with the paracone more buccal. The M 1 paracone is not 
displaced lingually in Cercartetus or phalangerids, in- 
dicating that this is tile plesiomorphic condition. 

A Wagner analysis was performed using both 
ACCTRAN and DELTRAN algorithms of PAUP 
(Swafford, 1989). Wagner parsimony allows re- 
versal or convergence to construct trees with the 
fewest steps. Where reversal or convergence 
would produce an equally parsimonious solution, 
ACCTRAN accelerates character transforma- 
tions, favouring reversal, whereas DELTRAN 
delays transformations, favouring convergence 
(Wiley et al., 1991). Characters were ordered and 
a hypothetical ancestral Burraniys , having all 
character states 0, was used to root the analysis. 
ACCTRAN (Fig. 10) or DELTRAN optimisa- 
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FIG. 10. A phylogenetic hypothesis of intrageneric 
relationships of Burramys. Apomorphies listed at 
nodes; character numbers in boxes refer to Table 5. 
Character state transformations indicated by arrows. 

tion generated a single most parsimonious tree. 
The topology of this tree is identical for both 
algorithms. Burramys parvus and B. triadiatus 
form a clade to which B. wakefieldi is the 
plesiomorphic sister group; B. brutyi is the 
plesiomorphic sister group to a clade containing 


all other species of Burramys. For some charac- 
ters, the path of transformation differs depending 
upon whether transformation is accelerated or 
delayed. There are several convergent character 
states in the DELTRAN tree, no convergences 
and more reversals in the ACCTRAN tree. When 
transformation is delayed the following character 
states arise convergently in B. brutyi and B. 
parvus : loph(id)s of M2-3 reduce; neomorphic 
cuspid appears on M 2 - 3 ; and Mi talonid and 
trigonid become less distinct. Basal thickening of 
Ii occurs independently in B. brutyi and B. 
triradiatus. The relative length of the lower mo- 
lars decreases independently in B. brutyi and B. 
wakefieldi. With delayed transformation B. 
pawns reverses to a more plesiomorphic state of 
reduced robusticity and relatively long molars, 
and the relative size of M 4 in B. triradiatus in- 
creases secondarily. These reversals also occur 
when transformation is accelerated, as do the 
following: in B. parvus and B. triradiatus the 
relative length of lower molars increases (to a 
greater degree in B. pawns ); in B. pawns the I 2 -P 2 
interval increases; in B. triradiatus loph(id)s de- 
velop on M2-3 and the neomorphic cuspid disap- 
pears from M 2 - 3 ; and in B. wakefieldi the talonid 
and trigonid of M 1 are relatively distinct from one 
another. 

Although a single most parsimonious tree was 
generated by this analysis, another tree only one 
step longer placed B. wakefieldi as the 
plesiomorphic sister-group of the other three spe- 
cies, and B. brutyi as the plesiomorphic sister- 
group of the B. triradiatus + B. pawns clade. A 
bootstrap analysis using a branch and bound 
search with 100 repetitions, to place confidence 
estimates on clades (from ACCTRAN) found the 
node defining the B. triradiatus + B. parvus clade 
to be supported 84% of the time, but the node 
separating B. brutyi and B. wakefieldi occurred in 
less than 50% of repetitions. Using DELTRAN 
the B. triradiatus + B. pawns clade was supported 
78% of the time, and the node separating the other 
3 species from B. brutyi was supported by 55% 
of repetitions. In both cases, the node separating 
B. brutyi and B. wakefieldi is poorly resolved. 

DISCUSSION 

Burramys brutyi is the only species of 
Burramys at Riversleigh and is not known else- 
where. It is represented by > 1 50 specimens from 
23 Sites in Systems A, B and C; it is one of the 
most widely distributed (spatially and tempo- 
rally) marsupials at Riversleigh. Its earliest oc- 
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currence at late Oligocene (Myers & Archer, 
1997) White Hunter Site is of similar age to the 
type locality of B. wakefieldi on Mammelon Hill, 
Lake Palankarinna, South Australia (Woodbume 
et al., 1993). 

Metrie analyses did not reveal any significant 
size variation between sites; variation within sites 
being as great as between sites. This persistence 
in unchanged form from the late Oligocene 
through mueh of the Mioeene suggests an un- 
usual degree of ecological stasis for the species. 

Fossil Burramys in Victoria, South Australia 
and NW Queensland shows that small existing 
populations of B. parvus are remnants of a pre- 
viously more diverse and far more widespread 
lineage, now apparently in decline. This fact 
urges particular conservation coneem for the ex- 
tant species. Although populations of B. par\>us 
are apparently stable, they are threatened both by 
habitat disturbance and greenhouse warming, 
which could jeopardise their ability to survive 
(Geiser & Broome 1993). 
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